GLEEM  Testing  Fixture 


by  David  Gray 


ARL-TN-360 


July  2009 


Approved  for  public  release;  distribution  is  unlimited. 


NOTICES 

Disclaimers 

The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department  of  the  Army  position  unless 
so  designated  by  other  authorized  documents. 

Citation  of  manufacturer’s  or  trade  names  does  not  constitute  an  official  endorsement  or  approval  of  the 
use  thereof. 


Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return  it  to  the  originator. 


Army  Research  Laboratory 

Aberdeen  Proving  Ground,  MD  21005-5069 


ARL-TN-360 


July  2009 


GLEEM  Testing  Fixture 

David  Gray 

Weapons  and  Materials  Research  Directorate,  ARL 


Approved  for  public  release;  distribution  is  unlimited. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering 
and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  the  burden,  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to 
comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY) 

July  2009 


4.  TITLE  AND  SUBTITLE 

GLEEM  Testing  Fixture 


2.  REPORT  TYPE 

Final 


3.  DATES  COVERED  (From  -  To) 

November  2007-May  2009 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Research  Laboratory 

ATTN:  RDRL-WMM-B 

Aberdeen  Proving  Ground,  MD  21005-5069 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


5d.  PROJECT  NUMBER 

98M428 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


ARL-TN-360 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 


11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


14.  ABSTRACT 

A  test  method  was  used  to  develop  a  process  to  emplace  a  refractory  metal  liner  inside  a  gun  tube  as  a  part  of  an  effort  at  the 
U.S.  Army  Research  Laboratory  to  develop  an  autofrettage  gun  barrel  application.  The  process  consisted  of  filling  the  liner 
with  an  elastomeric  material  and  then  slipping  this  arrangement  into  the  gun  tube.  The  ends  of  the  liner  were  plugged  with 
plastic  disks,  and  pressure  was  applied  to  the  elastomeric  material  by  a  load  frame.  A  test  fixture  was  developed  to  facilitate 
containment  and  alignment  of  the  gun  barrel  during  testing.  The  fixture  is  described  in  this  report,  and  preliminary  data  is 
provided  to  show  the  utility  of  the  fixture. 


15.  SUBJECT  TERMS 


GLEEM  testing  fixture,  tech  note,  autofrettage,  gun  liner  emplacement  by  elastomeric  material 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 

OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

David  Gray 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

19b.  TELEPHONE  NUMBER  ( Include  area  code) 

Unclassified 

Unclassified 

Unclassified 

uu 

20 

410-306-0852 

11 


Standard  Form  298  (Rev.  8/98) 

Prescribed  by  ANSI  Std.  Z39.18 


Contents 


List  of  Figures  iv 

1.  Introduction  1 

2.  Testing  Assembly  and  Load  Frame  Installation  2 

3.  Fixture  Description  5 

4.  Test  Procedure  6 

5.  Conclusions  and  Recommendations  7 

Distribution  List  8 


iii 


List  of  Figures 


Figure  1.  GLEEM  100,000-lb  compression  fixture . 1 

Figure  2.  Schematic  of  GLEEM  application  setup . 2 

Figure  3.  Four-inch  test  coupon  assembly . 3 

Figure  4.  Assembled  4-inch  test  coupon . 3 

Figure  5.  MTS  100,000-lb  load  frame  with  single  top  compression  platen . 4 

Figure  6.  GLEEM  fixture  12-inch  test  sample  adaptation . 4 

Figure  7.  GLEEM  fixture  with  12-inch  test  sample . 5 

Figure  8.  GLEEM  fixture  drawing . 5 

Figure  9.  Complete  assembly  prior  to  testing . 6 

Figure  10.  Hoop  strain  vs.  internal  pressure . 7 


1.  Introduction 


The  term  GLEEM  (patent  pending)  is  derived  from  “Gun  Liner  Emplacement  by  Elastomeric 
Material”  developed  by  Drs.  Robert  Carter,  U.S.  Army  Research  Laboratory,  and  Bill  de  Rosset, 
Dynamic  Science,  Inc.,  as  a  potential  economic  way  to  apply  liners  to  and/or  induce  a  state  of 
autofrettage  in  gun  barrel  applications.  By  compressing  an  elastomeric  material  inside  the  tube, 
plastic  deformation  of  the  gun  tube  was  produced,  resulting  in  a  compressive  residual  stress  near 
the  surface  of  the  liner/gun  tube  interface.  This  strengthened  the  gun  tube  and  allowed  higher 
operating  pressures  and  longer  fatigue  life.1  In  order  to  achieve  the  compressive  loads  required 
to  obtain  the  desired  bond  strength,  a  fixture  was  made  to  constrain  test  coupons  (see  figure  1). 
Previously,  there  was  no  fixture  available  for  the  GLEEM  process. 


Figure  1.  GLEEM  100,000-lb  compression  fixture. 


'Carter,  R.  H.;  Gray,  D.  M.;  de  Rosset,  W.  GLEEM  -  A  New  Composite  Gun  Tube  Processing  Technology.  ASC  paper; 
U.S.  Army  Research  Laboratory:  Aberdeen  Proving  Ground,  MD,  2008. 
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2.  Testing  Assembly  and  Load  Frame  Installation 


The  fixture  was  designed  to  restrain  only  the  steel  barrel  while  allowing  the  insert  material  to 
plastically  deform  unhindered,  via  the  expansion  of  the  elastomeric  plug,  as  loads  increased.  A 
schematic  of  a  GLEEM  process  is  shown  in  figure  2.  Without  the  restraints,  the  liner  and  gun 
tube  move,  causing  the  sealing  discs  to  fail  and  allowing  the  elastomeric  plug  to  blow  out  of  the 
bottom.  A  typical  coupon  assembled  in  fixture  is  shown  in  figures  3  and  4. 

The  fixture  threads  into  the  lower  ram  actuator  of  a  Material  Test  Systems  (MTS)/Instron  load 
frame.  The  upper  load  cell  has  a  threaded  platen  to  drive  the  piston  down  into  the  sealing  caps  of 
the  test  coupon.  The  MTS  load  frame  control  software  is  used  to  compress  at  an  inch/minute  rate 
and  hold  at  a  final  predetermined  load  set  by  Drs.  Robert  Carter  and  Bill  de  Rosset.  The  MTS 
100,000-lb  hydraulic  model  load  frame  installation  is  shown  in  figure  5.  By  changing  length  of 
the  restraining  rods,  the  GLEEM  fixture  is  also  capable  of  testing  a  longer  steel  tube  sample,  as 
can  be  seen  in  figures  6  and  7. 


Base  Plate 


Piston 


Gun 

Tube 


Figure  2.  Schematic  of  GLEEM  application  setup.1 
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Figure  3.  Four- inch  test  coupon  assembly. 


Figure  4.  Assembled  4-inch  test  coupon. 
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Figure  5.  MTS  100,000-lb  load  frame  with  single  top  compression  platen. 


Figure  6.  GLEEM  fixture  12-inch  test  sample  adaptation. 
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Figure  7.  GLEEM  fixture  with  12-inch  test  sample. 


3.  Fixture  Description 


Figures  8  and  9  describe  the  components  of  the  GLEEM  fixture  and  their  purposes. 


Figure  8.  GLEEM  fixture  drawing. 
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Figure  9.  Complete  assembly  prior  to  testing. 


4.  Test  Procedure 


The  load  frame  used  was  the  MTS  100,000-lb  maximum  load  with  a  cross  head  rate  of 
0.1  in/min.  To  allow  internal  pressure  equalization,  the  software  was  configured  to  ramp  to 
90,000  lb  and  hold.  The  specimen  was  placed  in  the  fixture  according  to  the  procedure  described 
in  the  fixture  description  in  section  3. 

Tests  were  considered  complete  when  the  controls  detected  a  40%  load  drop  from  peak 
compressive  load  or  1  hr  of  static  state.  Load  ram  was  returned  to  0  after  the  test  was  completed. 
Figure  10  is  a  typical  test  graph  showing  calculated  internal  pressure  vs.  measured  hoop  strain  on 
the  outer  surface  of  the  jacket  while  constrained  in  the  GLEEM  fixture.  The  steel  yield  strength 
was  160  ksi.  The  pressure  was  calculated  by  dividing  the  load  by  the  surface  area  of  the  piston. 
The  gage  used  was  in  the  center  of  a  4-in  cylinder,  minimizing  the  frictional  effects  affecting  the 
pressure. 
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Figure  10.  Hoop  strain  vs.  internal  pressure. 


5.  Conclusions  and  Recommendations 


A  functional  test  fixture  was  designed  and  fabricated  to  hold  and  align  GLEEM  specimens, 
providing  desired  test  data  and  bond  strength  results  consistently  between  the  various 
experimental  liner  materials. 
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J  SWAB 
J  TZENG 
RDRL  WMM  C 
M  MAHER 
W  SPURGEON 
RDRL  WMM  D 
ECHIN 
J  ADAMS 
B  CHEESEMAN 
J  MONTGOMERY 
RDRL  WMT 
P  BAKER 


RDRL  WMT  A 
S  SCHOENFELD 
D  HACKBARTH 
RDRL  WMT 
C  HOPPEL 
RDRL  WMT  B 
R  GUPTA 
B  MCANDREW 
RDRL  WMT  C 
T  BJERKE 
G  BOYCE 
K  KIMSEY 
L  MAGNESS 
B  SCHUSTER 
B  SORENSEN 
R  SUMMERS 
B  WALTERS 
RDRL  WMT  D 
N  GNIAZDOWSKI 
RDRL  WMT  D 
D  CASEM 

T  WEERASOORIY A 
RDRL  WMT  E 
B  RINGERS 
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Intentionally  left  blank. 
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